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Description 

Radiation detector 

The present invention concerns a radiation detector for detecting radiation in accordance with a 
predefined spectral sensitivity distribution that exhibits a maximum at a predefined wavelength 
Xq, comprising a semiconductor body with an active region serving to generate a detector signal 

and intended to receive radiation. The invention particularly concerns a radiation detector for 
detecting radiation according to the predefined spectral sensitivity distribution of the human eye. 

Radiation detectors provided with a specially adapted external filter system, such as for example 
interference filters or monochromators, are often used to detect radiation with a predefined 
spectral sensitivity distribution that has a maximum at a predefined wavelength \q. Such 

detectors are distinguished by very good matching of the predefined spectral sensitivity 
distribution, but are usually comparatively labor- and cost-intensive to handle and produce. 
Furthermore, they often have high spatial requirements, precluding or limiting their ability to be 
used in small spaces. 

If the predefined spectral sensitivity distribution is that of the human eye, then a silicon 
photodiode is often used to detect incident radiation according to that sensitivity. 

The sensitivity of a photodiode depends on - among other things - the wavelengths of the 
incident radiation. At wavelengths in excess of a boundary wavelength corresponding to the band 
gap, the sensitivity is very low, since for incident radiation in this wavelength range the band gap 
of the functional material in the active region of the diode - for example Si - is greater than the 
energy of the incident radiation and is therefore insufficient to generate electron-hole pairs. By 
the same token, sensitivity declines in the range of diminishing wavelength, since as the 
wavelength decreases, the electron-hole pairs that are produced, for example by surface 
recombination, progressively cease to contribute to the photocurrent. In the intermediate range, 
the sensitivity of the diode has a maximum which in a conventional silicon photodiode can occur 
at above 800 nm. 
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The use of such a silicon photodiode as a detector having the spectral sensitivity distribution of 
the bright-adapted human eye, which shows a maximum sensitivity at about 555 nm, requires 
additional expenditure, since the wavelengths of the sensitivity maxima sharply differ from each 
other and the two spectral sensitivity distributions therefore match relatively poorly. The 
matching of detector sensitivity to the sensitivity distribution of the human eye can be improved 
through the use of additional filters. The additive result is a sensitivity distribution close to that 
of the human eye. 

It is an object of the invention to specify a radiation detector of the aforesaid kind which can be 
produced in simplified fashion. A further object of the invention is to specify a radiation detector 
of the aforesaid kind having reduced spatial requirements. 

This object is achieved by means of a radiation detector having the features of Claim 1, Claim 4 
and Claim 9, respectively. Further advantageous embodiments and improvements of the 
invention are the subject matter of the dependent claims. 

* 

An inventive radiation detector for detecting radiation in accordance with a predefined spectral 
sensitivity distribution that exhibits a maximum at a predefined wavelength Xq comprises, in a 

first embodiment, a semiconductor body with an active region serving to generate a detector 
signal and intended to receive radiation, wherein the active region includes a plurality of 
functional layers and said functional layers have different band gaps and/or thicknesses and are 
implemented such that they at least partially absorb radiation in a wavelength range that includes 
wavelengths greater than the wavelength Xq. 

In a preferred implementation, the predefined spectral sensitivity distribution is that of the human 
eye. 

In a further preferred implementation of the invention, the semiconductor body, particularly the 
active region or the functional layers, contains at least one III/V semiconductor material, for 
example from one of the material systems In x GayAlj_ x _yP, In x GayAli. x .yN or In x GayAlj. x . 

yAs, where in each case 0<x<l,0<y<l and x + y < 1 . Furthermore, the semiconductor body, 
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particularly the active region or the functional layers, can contain a material from the material 
system InyGai_yAs x P]_ x , with 0 < x < 1 and 0 < y < 1. 

It is expedient to use a III/V semiconductor material that can have band gaps in the region of the 
wavelength Xq or the region of the predefined spectral sensitivity distribution. 

The aforesaid II ITV semiconductor materials are especially suitable in particular for radiations in 
the ultraviolet (e.g. In x Ga y Ali_ x _ y N) through the visible (In x Ga y Al j _ x _ y N, In x Ga y Al \ - x . y As, 

In x Ga y Ali_ x .yP) to the infrared (e.g. In x Ga y Ali_ x _ y P or In x Ga y Al j_ x . y As) regions of the 

spectrum. If the predefined spectral sensitivity distribution is that of the human eye, then 
In x Ga y Ali_ x _yAs or In x GayAlj. x .yP is particularly suitable as the material system. Especially 

high quantum efficiencies can be obtained with the material system In x GayAli_ x _yP. 

In a further preferred implementation of the invention, the semiconductor body, particularly the 
active region or the functional layers, contains at least one II/VI semiconductor material, such as 
a semiconductor material from the material system ZnyMgi_yS x Se]. x , in which 0 < x < 1 and 0 

< y < 1. II/VI semiconductor materials may also be suitable for the above-cited regions of the 
spectrum. However, III/V semiconductor materials are often superior to II/VI semiconductor 
materials owing to the greater ease with which they can be made to achieve high quantum 
efficiencies. 

In a second embodiment, an inventive radiation detector for detecting radiation in accordance 
with the predefined spectral sensitivity distribution of the human eye, which exhibits a maximum 
at the wavelength Xq, comprises a semiconductor body with an active region serving to generate 

a detector signal and intended to receive radiation, wherein the semiconductor body contains at 
least one III/V semiconductor material and the active region includes a plurality of 
semiconductor layers. 

The functional layers are preferably implemented at least in part such that they absorb radiation 
in a wavelength range that includes wavelengths greater than the wavelength X{) and/or so that at 

least some of them have different band gaps and/or thicknesses. 
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Radiation incident on the radiation detectors described in the above embodiments can be 
absorbed by the functional layers, in which case the thickness of the respective functional layer 
determines the fraction of the radiant power absorbed by it and the band gap determines the 
wavelength of the absorbed radiation. Via the implementation of the functional layers, the active 
region can be implemented such that the signal (e.g. the photocurrent or values depending 
thereon) generated by the radiation detector behaves according to the predefined spectral 
sensitivity distribution. This preferably applies in particular to the long-wave side of the 
predefined spectral sensitivity distribution, where the wavelengths are greater than Xq. 

Advantageously, there is no longer any need for external filters - filters disposed outside the 
semiconductor body - to match the sensitivity of the detector to the predefined spectral 
sensitivity distribution, particularly its long-wave side. Complex filtering using external filters is 
an especially common expedient in connection with conventional Si photodiodes. The 
elimination of external filters makes it possible to configure the radiation detector in a space- 
saving manner. 

Furthermore, the strength of the detector signal of such a radiation detector can advantageously 
be increased in comparison to radiation detectors equipped with external optical filters, since due 
to the absence of external optical filters, long-wave radiation can also be used to a greater extent 
to generate signals. 

According to an advantageous implementation of the above two embodiments, disposed after the 
active region is a filter layer structure that includes at least one filter layer. The filter layer 
structure preferably determines the short-wave side of the detector sensitivity in accordance with 
the predefined spectral sensitivity distribution by absorbing radiation in a wavelength range that 
includes wavelengths smaller than Xq. 

By means of the filter layer structure, the sensitivity of the radiation detector can be matched to 
the predefined spectral sensitivity distribution, particularly on the short-wave side for 
wavelengths smaller than Xq. 
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An inventive radiation detector for detecting radiation in accordance with a predefined spectral 
sensitivity distribution that exhibits a maximum at a predefined wavelength comprises, 

according to a further embodiment, a semiconductor body with an active region serving to 
generate a detector signal and intended to receive radiation, in which disposed after the active 
region is a filter layer structure comprising at least one filter layer, and the filter layer structure 
determines the short-wave side of the detector sensitivity in accordance with the predefined 
spectral sensitivity distribution by absorbing wavelengths in a wavelength range that includes 
wavelengths smaller than \q. 

In a preferred implementation, the predefined spectral sensitivity distribution is that of the human 
eye. 

In a further preferred implementation, the semiconductor body contains at least one II W or II/VI 
semiconductor material. 

In a further preferred implementation, the active region comprises a plurality of functional 
layers, said functional layers at least partially absorb radiation in a wavelength range that 
includes wavelengths greater than the wavelength \q, and/or the functional layers have different 

band gaps and/or thicknesses. 

The filter layer structure therefore determines the short-wave side of the detector sensitivity and, 
optionally in combination with appropriate functional layers, simplifies the implementation of a 
small and compact radiation detector having a detector sensitivity that accords with the 
predefined spectral sensitivity distribution. 

In a further preferred implementation of the invention, two arbitrary functional layers have 
different band gaps and/or different thicknesses. 

In further preferred implementation of the invention, the functional layers determine by their 
implementation the detector sensitivity in accordance with the predefined spectral sensitivity 
distribution for wavelengths greater than Xq. 
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In a still further preferred implementation of the invention, the wavelength range in which the 
functional layers absorb is substantially contiguous and/or substantially includes wavelengths 
greater than Xq. 

Preferably, differently implemented functional layers are provided in the active region for 
different wavelength ranges of the predefined sensitivity distribution. Particularly preferably, the 
functional layers - all or at least one of them - have a band gap that corresponds to a wavelength 
greater than Xq. 

For wavelength ranges in which the predefined sensitivity distribution assumes relatively high 
values, the functional layers are preferably implemented as correspondingly thick, so that a 
correspondingly high radiant power is absorbed in that wavelength range and a relatively high 
photocurrent is therefore generated. For wavelength ranges at which the predefined sensitivity 
distribution has lower values, the functional layers are preferably implemented as 
correspondingly thin. The thickness of the respective functional layer can be used to purposefully 
influence the responsivity of the radiation detector (the ratio of the generated signal strength to 
the radiant power incident on the detector) in the wavelength range corresponding to the 
respective functional layer, and the ratios of the thicknesses of the functional layers to each other 
can be used to match the detector sensitivity to the predefined spectral sensitivity distribution, 
particularly to the long-wave side for wavelengths greater than Xq. Particularly preferably, at 

least one functional layer has a band gap in the range around the wavelength Xq, so that a 

comparatively high signal is produced in that range. 

According to a preferred implementation of the invention, the band gap of functional layers 
disposed in the semiconductor body increases or decreases at least partially in the direction of the 
incident radiation, particularly in the direction of the radiation input side, where the radiation to 
be received passes into the semiconductor body. This advantageously makes it easier to devise a 
radiation detector with a detector sensitivity that accords with the predefined sensitivity, since 
the production of the semiconductor body with band gaps for the functional layers that increase 
or decrease in the direction of the radiation input side is advantageously simplified in comparison 
to arbitrary arrangement of the functional layers. 
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In a further preferred implementation of the invention, the band gaps of at least some of the 
functional layers disposed in the semiconductor body increase in the direction of the incident 
radiation. 

In an advantageous improvement of the invention, the functional layers are arranged such that 
the band gaps of the functional layers increase progressively from a central region of the active 
region in a direction vertical to the radiation input side of the semiconductor body and in the 
opposite direction. The band gaps of the functional layers preferably increase progressively from 
the central region in graded fashion, resulting in a band gap profile that decreases gradedly from 
the central region in the direction of the incident radiation and in the direction opposite thereto. 
Electron-hole pairs generated in the central region can therefore leave the central region 
relatively unhindered, thus advantageously increasing the efficiency of the radiation detector. 

For purposes of signal generation, the functional layers are preferably disposed in a space charge 
region of the semiconductor body. This space charge region can be formed by means of and/or 
between a p-conducting, preferably highly doped, layer and an n-conducting, preferably highly 
doped layer. 

Particularly preferably, according to the invention substantially only the electron-hole pairs 
generated in the space charge region of the semiconductor body contribute to the detector signal. 

Furthermore, the functional layers are preferably implemented at least in parts as substantially 
undoped or intrinsic. The semiconductor body can therefore be substantially equivalent to a PIN 
diode structure. Structures of this kind are distinguished by advantageously low response times. 

The active region is preferably implemented in the manner of a heterostructure, such as a single 
or multiple heterostructure. Heterostructures may be distinguished by an advantageously high 
internal quantum efficiency. 

In a further advantageous implementation of the invention, the detector sensitivity and/or the 
predefined spectral sensitivity distribution is different from zero in a contiguous wavelength 
range. 
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In a further advantageous implementation of the invention, the filter layer structure is disposed 
after the active region on the radiation input side, particularly on the side nearer the radiation 
input side. In particular, the filter structure is preferably disposed after the active region such that 
the radiation to be received by the radiation detector passes in part through the filter layer 
structure and, after doing so, impinges on the active region to generate a signal. The filter layer 
structure can be disposed between a radiation input surface of the radiation detector and the 
active region or the semiconductor body. 

The filter layer structure is preferably part of the semiconductor body and is integrated 
monolithically thereinto. The radiation fraction absorbed in the filter layer structure does not 
strike the active region, and thus only a proportionately diminished signal is generated within the 
range of wavelengths in which the filter layer structure absorbs. The filter layer structure is 
preferably disposed between the radiation input side of the semiconductor body and the active 
region. 

The filter layer structure preferably contains a III/V or I I/VI semiconductor material, for example 
selected from one of the above-cited material systems. 

In a preferred implementation of the invention, the wavelength range in which the filter layer 
structure absorbs is substantially contiguous and/or includes substantially wavelengths smaller 
than Xq. Particularly preferably, the band gap of a filter layer of the filter layer structure is greater 

than that of a functional layer disposed after the filter layer structure on the side nearer the 
semiconductor body. 

In a first advantageous improvement of the invention, the filter layer structure comprises 
substantially a single filter layer having a direct band gap and/or an indirect band gap. The direct 
band gap is preferably greater than the band gap of a, particularly arbitrary, functional layer 
disposed after the filter layer on the side nearer the active region. 

In addition, the filter layer preferably determines the short-wave side of the detector sensitivity 

by absorbing radiation via the indirect band gap in a wavelength range that includes wavelengths 

smaller than \q. The thickness of the filter layer can be used to determine the fraction of 
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radiation absorbed in the filter layer via the indirect band gap. The thickness of the filter layer is 
expediently more than 1 ^m, particularly 10 |im or more, for this purpose. 

The direct band gap of the filter layer preferably determines the short-wave limit of detector 
sensitivity. Radiation incident on the radiation detector and having wavelengths smaller than the 
short-wave boundary wavelength is absorbed substantially completely in the filter layer, and 
substantially no detector signal is generated in the wavelength range smaller than the boundary 
wavelength. 

GaP- or AlGaAs-containing semiconductor materials are particularly suitable for a filter layer in 
a detector based on the sensitivity of the eye, since they can have both a direct and an indirect 
band gap that correspond to wavelength ranges suitable for the sensitivity of the eye. 

In a second advantageous improvement, the filter layer structure comprises a plurality of filter 
layers, preferably of different band gaps and/or thicknesses. In particular, two arbitrary filter 
layers of a given filter layer structure can have different band gaps and/or thicknesses. 
Particularly preferably, the filter layer structure determines the short-wave side of the detector 
sensitivity by absorbing radiation via a direct band gap of the respective filter layer in a 
wavelength range that includes wavelengths smaller than Xq. Particularly preferably, the band 

gap, particularly the direct band gap, of a, preferably arbitrary, filter layer of the filter layer 
structure is greater than that of a, preferably arbitrary, functional layer disposed after the filter 
layer structure on the side nearer the semiconductor body. 

Using a plurality of filter layers each of which absorbs via its direct band gap enables the overall 
thickness of the filter layer structure to be kept advantageously small in comparison to a single 
filter layer that determines the short-wave side of detector sensitivity via the indirect band gap. 

A filter layer structure with a plurality of filter layers and a thickness of 1 |im or less already 
yields a very good match of detector sensitivity to the predefined spectral sensitivity distribution. 
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Furthermore, the relatively low layer thicknesses of the filter layers makes it possible to avoid an 
abrupt drop in detector sensitivity at wavelengths smaller than a short-wave boundary 
wavelength. A significant signal can still be generated even at wavelengths smaller than the 
largest direct band gap of the filter layers of the filter layer structure. 

According to a further preferred implementation, the semiconductor body with the functional 
layers is produced as monolithically integrated, for example by epitaxial growth on a growth 
substrate. This simplifies the production of an inventive radiation detector. 

In an advantageous improvement, the semiconductor body with the active region, the functional 
layers and the filter layer structure is produced as monolithically integrated. Such a 
monolithically integrated semiconductor chip can accordingly be implemented such that the 
sensitivity of the semiconductor chip is shaped according to the predefined sensitivity 
distribution. With such a monolithically integrated semiconductor body it is advantageously 
possible to eliminate from the radiation detector any externally disposed filters, such as 
interference filters or monochromators, thus making it easier to configure a radiation detector 
with low spatial requirements. 

The invention can be used in particular as an ambient light sensor corresponding to the 
predefined spectral sensitivity distribution. 

Further uses of the radiation detector can include controlling the brightness levels of lighting 
devices or indicators and the turn-on and/or turn-off instants of lighting devices. Such lighting 
devices can be implemented as indoor and outdoor area lights for residences, streets or cars, as 
well as backlighting devices for displays such as cell phone displays, automotive displays and 
dashboard panels, or LCD screens. It is of particular interest in the latter applications that the 
radiation detector have very small spatial requirements. 

In the cited uses of the invention, the predefined sensitivity is preferably that of the human eye. 
In this way, for example the brightness levels of the aforesaid lighting devices can 
advantageously be controlled — by increasing or decreasing the brightness — based on how they 
are perceived by the human eye. 
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Further features, advantages and utilities of the invention will emerge from the description of the 

following exemplary embodiments in conjunction with the figures. 

Therein: 

Fig. 1 shows a first exemplary embodiment of an inventive radiation detector on the basis 

of a schematic sectional view, 

Fig. 2 provides, in Figs. 2a and 2b, a qualitative representation of the spectral form of the 

predefined sensitivity distribution of the human eye and of the detector sensitivity 
for two variants of the first exemplary embodiment, 

Fig. 3 shows a second exemplary embodiment of an inventive radiation detector on the 

basis of a schematic sectional view, 

Fig. 4 provides, in Figs. 4a and 4b, a qualitative representation of the spectral form of the 

predefined sensitivity distribution of the human eye and of the detector sensitivity 
for two variants of the second exemplary embodiment, 

Fig. 5 is a quantitative representation of a comparison of the predefined sensitivity 

distribution of the human eye and the detector sensitivities for a detector according 
to the first exemplary embodiment and a detector according to the second 
exemplary embodiment. 

Elements of the same kind and identically acting elements are provided with the same reference 
numerals in the figures. 

Illustrated in Fig. 1 is a first exemplary embodiment of an inventive radiation detector on the 
basis of a schematic sectional view. 

A semiconductor body 1 is disposed on a carrier 2. Disposed in the semiconductor body on the 
side nearer the carrier 2 is an n-conducting layer 3, followed by functional layers 4a, 4b, 4c and 
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4d of different band gaps and/or thicknesses, which substantially form the active region 5 of the 
semiconductor body and serve to generate the detector signal. Preferably any two functional 
layers have different band gaps and thicknesses. Disposed after the functional layers is a p- 
conducting layer 6, followed by a filter layer structure comprising a filter layer 7. The 
semiconductor body, comprising the filter layer, the n- and p-conducting layers and the 
functional layers, is preferably implemented as monolithically integrated. Particularly preferably, 
the carrier is constituted by the growth substrate of the semiconductor body. The semiconductor 
body is preferably produced by epitaxy (e.g. MOVPE) on a suitable growth substrate. 

The carrier 2 can, however, also be different from the growth substrate of the semiconductor 
body. For example, the carrier can be constituted by a layer on which the semiconductor body is 
disposed by its side opposite from the growth substrate after being produced thereon. The growth 
substrate is preferably removed after the semiconductor body has been disposed on the carrier 
layer. A mirror layer is preferably disposed between the carrier layer and the semiconductor 
body. This mirror layer can contain or be composed of a metal, for example Ag, Au, Al, Pt or an 
alloy containing at least one of these materials. The efficiency of the radiation detector can 
advantageously be increased in this way. Semiconductor chips of this kind, from which the 
growth substrate is removed during production, are also known as thin-film chips. The relative 
arrangement of the n-conducting and p-conducting layers with respect to the functional layers 
and the filter layer is then implemented according to the arrangement of the semiconductor body 
on such a carrier layer, optionally in a different order from that illustrated in Fig. 1 . The filter 
layer is applied, optionally after being disposed on the carrier, to the structure comprising the 
functional layers and the n- and p-conducting layer. 

The n- or p-conducting layer is preferably highly doped such that an expanded space charge 
region forms that extends from the p-conducting to the n-conducting layer. The functional layers 
are preferably disposed inside this space charge region. Such a space charge region can for 
example have a vertical extent of 1 100 nm, preferably 1200 nm or more, depending on the 
dopant concentration. 
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Depending on their exact configuration - particularly in terms of thickness and band gap - the 
functional layers can absorb certain wavelengths from a radiation 8 incident on the 
semiconductor body. This absorption produces electron-hole pairs that contribute to the 
photocurrent, provided that they are generated in the space charge region. The intensity of the 
photocurrent as a function of wavelength in this case determines the sensitivity of a detector 
comprising such a semiconductor body or semiconductor chip (the semiconductor body on the 
carrier) as its radiation detecting element. 

The filter layer structure is disposed after the active region 5 expediently on the side nearer the 
radiation input side 1 1 of the semiconductor body, which is the side through which most of the 
radiation to be detected enters the semiconductor body. The filter layer structure can in particular 
be disposed between active region 5 and radiation input side 1 1 . 

Via filter layer 7 and the arrangement and implementation of functional layers 4a, 4b, 4c and 4d, 
the sensitivity of the semiconductor body can be matched to a predefined spectral sensitivity 
distribution having a maximum at a wavelength Xo. 

Filter layer 7 preferably brings about this matching of detector sensitivity to the predefined 
sensitivity by absorbing wavelengths of the incident radiation that are smaller than the 
wavelength Xq. Radiation with wavelengths in this range therefore strikes the active region with 

diminished intensity, and the signal generated in this wavelength range is matched to the 
predefined sensitivity distribution by absorption. 

The electron-hole pairs generated in the filter layer by the absorption of radiation preferably do 
not substantially contribute to the photocurrent. To this end, the filter layer is disposed outside 
the space charge region. Disposing the filter layer outside the space charge region in this way 
simplifies the matching of detector sensitivity to the predefined sensitivity distribution, since the 
filter layer is decoupled from the functional layers, thereby reducing the risk that electron-hole 
pairs generated in the filter layer will have a disruptive influence on the photocurrent generated 
according to the predefined sensitivity distribution in the region of the functional layers. The 
photocurrent, which is decisive for the detector sensitivity, is preferably generated substantially 
in the active region. 

13 



Transtek Document No. GE0801 
P2004,0273 

Filter layer 7 determines the shape of the short-wave side of the detector sensitivity preferably by 
absorption across an indirect band gap. The filter layer is usefully fashioned suitably thick for 
this purpose. 

A direct band gap of the filter layer preferably determines the short-wave limit of the detector 
sensitivity. For wavelengths smaller than the short-wave limit, the detector sensitivity vanishes 
or is negligible. 

The photocurrent generated in the functional layers preferably determines at least the long-wave 
side of the detector sensitivity according to the predefined sensitivity distribution for 
wavelengths greater than Xq. Particularly preferably, the band gaps of the functional layers at 

least partially correspond to wavelengths greater than Xq. This simplifies the matching of the 

detector sensitivity to the predefined sensitivity on the short-wave side, since the latter is then 
determined substantially only by the filter layer, thereby reducing the expenditure of adjusting 
the functional layers and the filter layer with respect to each other. 

The functional layers are preferably implemented such that their band gaps decisive for 
absorption increase with increasing distance from the carrier. Thus, functional layer 4a, which is 
farthest from the plane of incidence of the incident radiation 8 on the semiconductor body, is 
preferably the functional layer with the smallest band gap, and functional layer 4d, which faces 
the incident radiation 8, is the functional layer with the largest band gap. 

The band gaps of the functional layers can be used to adjust the wavelength or wavelength range 
that is to be absorbed by a particular functional layer, and the thickness of the functional layer 
determines the fraction of radiant power absorbed and thus the photocurrent generated in that 
functional layer. The semiconductor body is preferably oriented such that the incident radiation 8 
impinges on the semiconductor body primarily on the side nearer the filter layer 7 serving as a 
window layer for the signal-generating region of the semiconductor body. 

A radiation detector provided with a semiconductor body of this kind makes it possible to shape 
the characteristic of the radiation detector by arranging and implementing the filter layer and the 
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functional layers according to the predefined sensitivity distribution. For the functional layers 
this preferably applies to the long-wave side of the detector sensitivity, whereas filter layer 7 
preferably determines the short-wave side of the detector sensitivity according to the predefined 
spectral sensitivity distribution. 

Such a detector can be fabricated in a very space-saving and simple manner. There is no need for 
additional external filters to obtain a match with the predefined sensitivity. 

The number of functional layers is preferably governed by the spectral width of the predefined 
sensitivity distribution. The broader the distribution, the higher the number of functional layers. 
It has been found that an arrangement of four different functional layers in a heterostructure is 
often well suited for matching the generated photocurrent with a predefined spectral sensitivity 
distribution, particularly that of the human eye. 

The semiconductor body 1 illustrated in Fig. 1 can be provided with electrical interconnects - for 
example, metallizations disposed on the semiconductor body - to permit further processing of 
the signal generated in the semiconductor body. Such interconnects can be disposed on different 
sides of the carrier or on the side of the carrier provided with the semiconductor body. If the 
interconnects are disposed on different sides of the carrier, then the carrier is preferably suitably 
doped to increase its conductivity. 

Furthermore, the semiconductor body can be disposed in a housing of the radiation detector that 
protects the semiconductor body against harmful external influences. The semiconductor body 
can also be surrounded by an envelope or said envelope can be formed around it, said envelope 
being disposed, for example, in a recess of the housing body. Such an envelope preferably 
contains a reaction resin, for example an acrylic, epoxy or silicon resin or a silicone. A wall of 
the recess in the housing body can be provided with a reflecting-enhancing, for example 
substantially metallic, material, thereby advantageously increasing the radiant power incident on 
the semiconductor body. The radiation detector is fashioned particularly preferably as a surface- 
mountable device (SMD). 



15 



Transtek Document No. GE0801 
P2004,0273 

In a preferred implementation of the radiation detector, it is implemented to detect radiation 
according to the sensitivity of the human eye, which has a sensitivity maximum at about Xq = 

555 nm (bright-adapted, day vision) or at about Xg = 500 nm (dark-adapted, night vision). 

For a radiation detector matching the sensitivity of the eye, particularly the bright-adapted human 
eye, the semiconductor body 1 is preferably based on the II I/V semiconductor material systems 
In x Ga y Al J . x .yP or In x GayAlj_ x _yAs. The functional layers 4a, 4b, 4c and 4d are preferably 

formed of these material systems. The band gaps can be adjusted in this case by varying the Al 
content, with a higher Al content corresponding to a larger band gap. This applies at least to Al 
contents at which the aforesaid semiconductor material systems form direct semiconductors, 
which are preferred for the functional layers. Particularly preferably, the semiconductor body is 
based on Ing 5(Gaj_ x Al x )o.5P or In x GayAli_ x _yAs, thereby simplifying the production of 

functional layers with a selected band gap, for example by varying the Al content. 

In a radiation detector matching the sensitivity of the eye, filter layer 7 is preferably formed of 
Al x Gai_ x As (0 < x < 1) or GaP. Semiconductor bodies comprising said function or filter layer 

materials can advantageously be produced in monolithically integrated form. For example, the 
carrier is constituted by the growth substrate, which for the above-cited material systems can for 
example contain or be composed of GaAs. 

The materials cited for the filter layer can have a direct and an indirect band gap, in which case 
the direct band gap preferably corresponds to a wavelength smaller than Xq, which particularly 

preferably defines the short-wave limit of detector sensitivity. 

GaP, for example, has a direct band gap (Eq ~ 2.73 eV) that corresponds to a wavelength of 
around 455 nm, whereas the direct band gap (Eq ~ 2.53 eV) of Alo.8d a 0.2 As corresponds to 

around 490 nm. The absorption of incident radiation across the indirect band gap preferably 
determines the short-wave side of the detector sensitivity for wavelengths smaller than Xq. The 

fraction of the radiant power absorbed across the indirect band gap can be influenced via the 
thickness of the filter layer. 
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In a further preferred implementation of the radiation detector or the semiconductor body, its 
sensitivity exhibits a maximum at a wavelength that preferably differs from the wavelength 

Xq of the maximum of the predefined spectral sensitivity distribution by 20 nm, particularly 

preferably 10 nm or less. 

The predefined spectral sensitivity distribution, particularly that of the human eye, is frequently 
stated such that it assumes a value of 1 or 1 00% at the wavelength >lq. The sensitivity of the 

detector, which depends on the signal strength, is often stated in amperes per watt of incident 
radiant power. 

Thus, to effect a comparison with the detector sensitivity having the predefined spectral 
sensitivity distribution, it is useful to match the two sensitivities to each other such that the 
predefined sensitivity distribution assumes a value of 1 00% at Xq and the detector sensitivity 

assumes a value of 100% at Xq (relative sensitivities). The present description pertains to 

relative sensitivities unless otherwise stated. 

Figure 2 is a qualitative representation of the curve of the predefined sensitivity of the eye and 
the relative sensitivity of the detector (Srel) for two variants (Figs. 2a and 2b, respectively) of the 
first exemplary embodiment of an inventive radiation detector, as a function of the wavelength of 
the incident radiation. The sensitivity of the eye is represented in Fig. 2 by the W(X) curve 
defined by the CIE (Commission Internationale TEclairage). 

The dependencies illustrated in Figs. 2a and 2b were obtained from simulation calculations based 
on data corresponding to the below-stated compositions for the semiconductor body. 

In the first variant, corresponding to Fig. 2a, the radiation detector comprises a semiconductor 
body according to Fig. 1, produced monolithically integrated and based on In x GayAli_ x _yP. The 

semiconductor body is grown epitaxially, for example by an MOVPE process, on a growth 
substrate 2 made of GaAs. Initially, a roughly 100 nm thick, highly doped (n + ) n-conducting 
layer 3 of InQ.5AlQ.5P is grown on the GaAs-containing substrate 2. This is followed by the 

production of the active region 5, which includes substantially undoped functional layers 4a 
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(InQ.5Gao.5P, thickness ~ 50 nm, Eq ~ 1.91 eV, Xq ~ 650 nm), 4b (Ino.5(G*K).9 A1 0.l)0.5 p > 

thickness - 100 nm, Eq ~ 1.97 eV, Xq ~ 630 nm), 4c (Ino.5(Gao.7AlQ.3)o.5 p > thickness ~ 400 

nm, Eq ~ 2.07 eV, Xq ~ 600 nm), and 4d (Ino.5(Gao.5Alo.5)o.5P, thickness - 500 nm, Eq ~ 

2.20 eV, Xq ~ 565 nm). E G here denotes the decisive band gap of the material concerned and Xq 

the wavelength corresponding to that band gap. An approximately 100 nm thick, highly doped 
(p*) p-conducting Ino.5Alo.5P layer 6 is then produced, followed by a filter layer 7. The space 

charge region created by n-conducting layer 3 and p-conducting layer 6 extends through the 
functional layers. Filter layer 7 is disposed outside the space charge region. 

It should be noted that the Al content of the functional layers can deviate from the content cited 
here. For example, a radiation detector matching the sensitivity of the eye can also be created 
with functional layers whose Al content differs from the above-cited Al content by 1 0% or less, 
preferably by 5% or less. 

In the first variant, illustrated in Fig. 2a, the filter layer is composed of GaP and is about 15 nm 
thick, and the detector sensitivity 10 is shown relative to the sensitivity 9 of the eye. 

The maximum in the sensitivity of the eye and that of the detector nearly coincide in this case, X D 
being slightly greater than Xq. The difference between these wavelengths is preferably 10 nm, 

particularly preferably 5 nm or less. The short-wave side 101 of the detector sensitivity 10 is 
determined in this case by filter layer 7. Below a boundary wavelength X\ (~ 455-465 nm), the 

detector sensitivity is nearly zero. This boundary wavelength roughly corresponds to the direct 
band gap (Eq ~ 2.73 eV) of GaP. For wavelengths greater than X\, filter layer 7 determines the 

shape of the short-wave side of the detector sensitivity by absorption across its indirect band gap. 
Since GaP has a relatively shallow absorption edge, the filter layer is implemented as relatively 
thick, at 1 5 jim, in order to match the detector sensitivity to the predefined spectral sensitivity 
distribution in the wavelength range below Xq. 

The long- wave side 102 of the detector sensitivity is determined by the implementation of the 
functional layers. For the wavelength range from about 550 to about 620 nm, in which the 
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detector sensitivity and the predefined sensitivity exhibit high values, the corresponding 
functional layers 4d and 4c as described above are implemented as relatively thick, at 500 nm 
and 400 nm, respectively, and a correspondingly high photocurrent signal is therefore generated 
in the radiation detector within this wavelength range. Conversely, layer 4b is implemented as 
relatively thin, at 100 nm, since for wavelengths in the range above approximately 620 nm the 
sensitivity of the eye is comparatively low. In the range above approximately 640 to 680 nm, 
particularly up to 700 nm, and in the jam range, the sensitivity of the eye is very low and the 
corresponding functional layer 4a is therefore implemented as relatively thin, at 50 nm. 

The radiation detector is preferably implemented such that at an arbitrary predefined wavelength, 
the deviation of the relative values of the detector sensitivity from the predefined sensitivity 
distribution is preferably less than 20%, particularly preferably less than 15%. For sensitivity 
values in excess of about 60%, the difference between the two sensitivities at an arbitrary given 
wavelength is preferably less than 10%, particularly preferably less than 5%. 

With a filter layer 1 5 jam thick, however, such a semiconductor body 1 for a radiation detector is 
comparatively thick. 

In the second variant, illustrated in Fig. 2b, the filter layer 7 is composed substantially of 
Alo.80Gao.20As anc * * s implemented as about 1.5 (im thick. 

The long-wave side 102 of detector sensitivity 10 is determined by the functional layers, as it is 
in Fig. 2a. The implementation of the functional layers is different from that of Fig. 2a, however, 
due to the altered composition of the filter layer. The simulation calculation for Fig. 2b was 
based on the following implementation of the filter layers: functional layer 4a (Ino.5GaQ.5P, 

thickness ~ 50 nm, Eq ~ 191 eV, Xq - 650 nm), functional layer 4b (Ino.5(Gao .9Alo.l)o.5 p > 

thickness ~ 100 nm, Eq ~ 1.97 eV, Xq ~ 630 nm), functional layer 4c (Ino.5(Gao.7Alo.3)o.5P, 

thickness ~ 300 nm, Eq - 2.07 eV, Xq ~ 600 nm), and functional layer 4d 

(Ino.5(Gao.5Alo.5)o.5P> thickness ~ 700 nm, Eq ~ 2.20 eV, Xq ~ 565 nm). Differences from the 

implementation of Fig. 2a can be seen in the thickness of functional layers 4c and 4d, which due 
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to the altered composition of the filter layer are implemented as thinner and thicker, respectively, 
than they were in the embodiments of Fig. 2a. The basic shape of the long-wave side 102 of the 
detector sensitivity 10 illustrated in Fig. 2b is substantially in agreement with the detector 
sensitivity illustrated in Fig. 2a. 

However, the short-wave side 1 02 determined by filter layer 7 as illustrated in Fig. 2b differs 
from the shape illustrated in Fig. 2a and the sensitivity 9 of the eye. Since in the variant of Fig. 
2b the short-wave side is determined by an AlGaAs-containing filter layer and AIq gQGaQ 20^s 

has a steeper absorption edge than GaP, the slope of the detector sensitivity 10 in the short-wave 
region 101 is steeper than the slope illustrated in Fig. 2a. 

The maximum detector sensitivity X,£> occurs at about 560 to 565 nm and is therefore slightly to 

the right of that of the predefined spectral sensitivity distribution of the human eye, which occurs 
at about 555 nm (Xq). The short-wave boundary wavelength X\ is located at about 475 nm to 

490 nm, which roughly corresponds to the direct band gap (Eq ~ 2.53 eV) of AIq gQGaQ 20 As - 

A second exemplary embodiment of an inventive radiation detector is depicted in sectional view 
in Fig. 3 . 

The second exemplary embodiment of Fig. 3 is substantially the same as the first exemplary 
embodiment illustrated in Fig. 1 . It differs in that a filter layer structure 70 comprising a plurality 
of filter layers 7a, 7b and 7c is monolithically integrated into semiconductor body 1 . The filter 
layers preferably have different band gaps and/or thicknesses. In particular, the p-conducting 
layer 6 can also be implemented to perform filtering, although this is not absolutely necessary. 
Preferably at least one filter layer of the filter layer structure, particularly preferably all of said 
layers, are highly doped, for instance p-conducting (p + ). 
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Absorption in the filter layers of the filter layer structure takes place substantially across a direct 
band gap of the respective filter layer. In contrast to the exemplary embodiment according to Fig. 
1, in which the filtering and particularly the matching of detector sensitivity on the short-wave 
side occurs primarily by absorption across the indirect band gap, the filter layer structure 
illustrated in Fig. 3 can be implemented as relatively thin. In particular, the overall thickness of 
the filter layer structure 70 can be 1 ^m, preferably 0.9 or 0.8 jam, or less. In addition, 
semiconductor body 1 is preferably implemented as monolithically integrated. 

Reducing the thickness of the filter layer structure advantageously lowers the production cost of 
such a semiconductor body, for example as a result of reduced epitaxy times. 

In particular, by means of a filter layer structure 70 comprising a plurality of filter layers a 
relatively rapid drop in detector sensitivity in the area of the band gap of a filter layer may be 
prevented, for example in the area around X\ in Fig. 2a or 2b. The detector sensitivity can 

therefore also be matched more closely to the predefined spectral sensitivity distribution in the 
region of a direct band gap of a filter layer or in the region of a short-wave tail of the predefined 
distribution. 

Figure 4 qualitatively represents the spectral shape of the predefined sensitivity distribution of 
the human eye and the detector sensitivity for two variants of the second exemplary embodiment 
(Figs. 4a and 4b). 

In Fig. 4, for each of the two variants, the responsivity of the radiation detector in amperes of 
generated photocurrent per watt of incident radiant power is plotted against the wavelength of the 
radiation 8 incident on the radiation detector. The sensitivity distribution of the human eye is 
illustrated in relation to responsivity. The dependences shown in Fig. 4 were obtained by suitable 
simulation calculations, as in Fig. 2. 

The long-wave side 102 of the detector sensitivity 10 according to Figs. 4a and 4b is determined 
by functional layers 4a, 4b, 4c and 4d in active region 5. In Fig. 4a, the functional layers are 
implemented as described in regard to Fig. 2a, and in Fig. 4b as described in regard to Fig. 2b. 
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Long- wave side 1 02 follows substantially the same path as the long-wave side of the predefined 
spectral sensitivity distribution 9 of the human eye. The shapes of the long-wave sides in Fig. 4 
are substantially the same as those illustrated in Fig. 2. 

However, differences are apparent on the short-wave side 101 of the detector sensitivity. 
Compared to detector sensitivity 10 in Fig. 2a or 2b, the matching is advantageously improved 
owing to the plurality of filter layers of different band gaps and/or thickness in the filter layer 
structure. 

It has been found particularly advantageous for the predefined spectral sensitivity distribution of 
the human eye to have the filter layers be three in number (7a, 7b and 7c). 

Detector sensitivity 10 according to Fig. 4a results for example from a filter layer structure 
comprising a filter layer 7a (Ino.5Alo.5P, thickness ~ 400 nm) 7b (Ino.5(GaQ.5Alo.7)o.5 p > 
thickness ~ 250 nm) and 7c (GaP, thickness ~ 100 nm). If the p-conducting layer 6, as illustrated 
in Fig. 3, is implemented as filter layer 7a, the n-conducting layer 3 (InQ.5Alo.5P, thickness ~ 

400 nm) is preferably given the same composition and thickness as p-conducting layer 6. The 
thickness of the filter layer structure is therefore approximately 750 nm. 

At the wavelength Xq ~ 555 nm of the maximum sensitivity of the bright-adapted eye, the 

responsivity of the radiation detector is preferably about 0.37 AAV. Due to the plurality of filter 
layers 7a, 7b and 7c, the detector sensitivity also matches the predefined spectral sensitivity 
distribution at wavelengths below about 460 nm. The GaP-containing filter layer 7c is 
implemented as very thin compared to filter layer 7 of Fig. 2a, and serves basically as a contact 
layer for a metal-containing interconnect (not shown) disposed on it, since GaP is distinguished 
by advantageous contact properties both to metallic interconnects and to materials of the II I/V 
semiconductor material system In x GayAl]_ x _yP. 

The p-conducting layer 6, as filter layer 7a provided to perform filtering, is implemented, at 400 
nm, as relatively thick in comparison to the variants of Figs. 2a and 2b. 
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A filter layer structure 70 for a radiation detector with a sensitivity 1 0 according to Fig. 4b 
comprises for example a filter layer 7a (In9.5Alo.5P, thickness ~ 400 nm) 7b (AlojGaQ jAs, 

thickness ~ 250 nm) and 7c (Alo.sGao.2 As > thickness ~ 200 nm). The maximum responsivity of 

this radiation detector, occurring at about 0.34 AAV, is slightly below that of the detector 
according to Fig. 4a. The overall thickness of the filter layer structure is roughly 850 nm. 

In Fig. 4b, the short-wave side 101 also closely matches the predefined spectral sensitivity 
distribution 9 in the region of relatively short wavelengths, for example below 490 nm. 

In sum, the matching of detector sensitivity to the predefined spectral sensitivity distribution can 
be improved by providing a plurality of filter layers and absorption substantially across the direct 
band gap of the filter layers. An advantageously small thickness is simultaneously obtained for 
the filter layer structure. 

Comparing the exemplary embodiments according to Fig. 1 and Fig. 3, the sensitivity 102a of a 
radiation detector as in Fig. 2a, the sensitivity 104b of a radiation detector as in Fig. 4b, and the 
predefined spectral sensitivity 9 of the human eye are represented quantitatively in relation to 
one another in Fig. 5. The detector sensitivities are based on sensitivity measurements performed 
on radiation detectors provided with correspondingly fabricated semiconductor bodies. 

On curve 102a, due to the relatively thick, GaP-based filter layer, there is a short-wave limit X\ 

beyond which the detector sensitivity is substantially negligible. On curve 104b, by contrast, due 
to the filter layer structure comprising a plurality of filter layers, a good match of detector 
sensitivity to the sensitivity of the eye is obtained even in the range of wavelengths below \\. 

The radiation detector can be implemented according to the invention particularly such that at an 
arbitrary predefined wavelength, the relative detector sensitivity and the predefined spectral 
sensitivity distribution differ from each other by 20%, preferably 10%, particularly preferably 
5% or less. 
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It should be noted that the invention is not limited to radiation detectors based on the sensitivity 
of the eye. Other detector sensitivities, for example based on a predefined rectangular spectral 
distribution, can also be devised by suitably configuring the functional layers and the filter layer. 
Furthermore, the number of functional layers - four in the exemplary embodiment - should not 
be considered limitative. A different number of functional layers may also be provided in an 
inventive radiation detector. 

It should also be noted that according to the invention, the functional layers of the active region 
do not necessarily have to be produced one after the other with a fixed composition characteristic 
of the functional layer concerned, for instance in the above-recited compositions for functional 
layers 4a, 4b, 4c and 4d with their respective Al contents. 

Rather, the functional layers can also be created in a functional region by purposefully varying a 
production parameter during the production of the functional region. By means of the production 
parameter the band gap can preferably be varied in the functional region, particularly preferably 
during epitaxy and in the direction of growth. The production parameter can be varied in sections 
or continuously overall, preferably linearly. The production parameter is preferably varied from a 
predefined initial value to a predefined final value. Said initial value and final value depend on 
the predefined spectral sensitivity distribution. 

For wavelength ranges in which a relatively high signal strength is desired, the production 
parameter can be varied during epitaxy relatively slowly compared to the rate of growth in the 
vertical direction, so that the functional region is provided with a "functional layer" of 
comparatively large "thickness," over the vertical extent of which the production parameter 
changes relatively slowly or is substantially constant. 

For example, the Al content corresponding to functional layers 4a, 4b, 4c and 4d of a radiation 
detector as illustrated in Fig. 1 , with a detector sensitivity curve as illustrated in Fig. 2a or 2b for 
the predefined spectral sensitivity distribution of the human eye, can be varied continuously from 
0 (initial value) through 0.1 and 0.3 to 0.5 (final value) during the production of a functional 
region, in which case, for a thickly implemented functional layer, the Al content is varied more 
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slowly relative to the growth rate of the functional layer than it is in the case of a more thinly 
implemented functional layer. 

The production parameter is preferably varied relatively rapidly within the range of values 
between the desired values for the production parameter as applied to the functional layers - for 
example between an Al content of 0.1 and 0.3. 

Such a functional region created by varying a production parameter can be implemented as a 
graded index separate confinement heterostructure ("grinsch structure" for short). The term 
"graded index" pertains to a, for example gradual, variation of the production parameter, often 
accompanied by a change in refractive index. Any barrier layers for charge carriers in the 
functional region can be created outside the functional region (separate confinement), and the 
functional region as a whole can be implemented as a heterostructure. 

A functional region created by varying a production parameter is advantageously relatively 
tolerant of any fluctuations or slight deviations of the desired values of the production parameter 
for the functional layers that may occur during the production of the functional region. In the 
case of functional layers that are produced separately one after the other with separately adjusted, 
constant respective production parameters, there is a risk that slight deviations of the value of the 
production parameter will cause the spectral sensitivity distribution of the detector to deviate 
relatively sharply from the predefined spectral sensitivity distribution. This risk can be reduced 
by varying a production parameter from an initial to a final value during the production of the 
functional region. The sole necessity is that the initial and final values defined by means of the 
spectral sensitivity distribution be attained with relative exactitude during the production of the 
functional region, whereas in the region between these values the tolerance of deviations in the 
desired values for the functional layer is advantageously increased. 

This patent application claims the priority of German Patent Applications 102004015931.9 of 
March 31, 2004, 102004037020.6 of July 30, 2004 and 1020040533172 of November 4, 2004, 
whose entire disclosure content is hereby explicitly incorporated into the present patent 
application by reference. 
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The invention is not limited by the description made with reference to the exemplary 
embodiments. Rather, the invention encompasses any novel feature and any combination of 
features, including in particular any combination of features recited in the claims, even if that 
feature or combination itself is not explicitly stated in the claims or exemplary embodiments. 
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